1 The Four-Color Theorem and Chromatic Number of 
Colored Graphs 

Theorem 1.1. Any null' in n jiiurn rim fn niluini ii^/rni fi mi -mini ^ m stir/., n inu; flint 



1.1 History 



< llll 1 ji i. ■" - ■ ..Ill- nil.' II.. I ]|. nivni |.nMl-li..l until - by ( |,-y. 

Appe] mi'! H.iki'li pul.lisli.s.1 iii 1077 li tin- rni\-.-i>it \- ,,[ [lliin.i.-. .it rrbana- Cli;auipaii,u 

.1 ... input. .r-i^si.-tcl pi. .nf that [..ill ...I..IS nr.. .-urn. !■ ill . 1 1. .v.'. .v. a. s..in.. ni.it li.llint irinus 

[.. .--ll .llll '. ■ .1 >. .1 tw.iir .it. US il\V. lYS l.insiliilii. Oil tin' . .1 ll. i' li.it |. 1 . 11. . flaws 1 1. 1\ - ■ Ml li.-.ii 

I. urn. 1. in spit i ■ . .( i-..p..,it...l attempts. 1 11., first independent proof of the f. .111 . . .lor theorem 
was constructed by Robertson et aL in 190G and by Thomas in 1998. Then, in December 
2004. G. Gonthioi in ( '. mil .1 1. 1 i . Kunland colaborotiug with B. Werner of INRIA in France 

announced that they were able to validate the Robertson et al. (1996) proof of the color 

I I 1 .in l.Y 1. i ll 111l.1t 1 Hi It 111 1 1 |U.it 1. .n:i I 1 1 ■ ul. 1 ' - lip 'it .ill. 1 " < '■ ..; 1 i . a 1 ' I i 1 ' 1 it 1. 1 lh. 11 

were able to confirm the validity of each of its st, -ps as reported by Devlin in 211115 and Knight 



1.2 Extensions 

ilie H.aWo.id 1 . .1 ij. ■. i 111 .' Is .i 111. -'il.iil pi . ■] .. -sit |. i 1 lot map . .}. .1 11 10,. Statin- that in i 
■j.. nil- U -pa. ... in. 111. ll Hi 1 1. .1 li 111.- spli.ii .,] [.Llll... I. .ill . ■ .1. is w. ail. 1 iiltn. 

On the other hand, for any genus > 0, Riugcl and Youngs, were able to prove in a report 
published in 1968 the following theorem: 

Theorem 1.2. I'll, H(„iru„,l cimpctun spiafii.* th, correct n«r**ury number of colors for 
any genus 0, except for the Klein bottle. However, the correct number of colors for any Klein 

7 (ff) = [1/2(7+ V&S+l)], 
•rhi r. Hit r.<!ht-htu'<!-.-->>h r,\li< <( lh' tl<> ( .j fnii' I i- >n. 



1.3 Graph Coloring utilizing Computer Algorithms 



1. The graph C can bo 7 

2. Tils to is .i ciinmir.iti,, 



M, ,iv u< n- 'I nils'. I If i h 1 - >lil ;i 1 1* 1 1 1 L 1 1 1 > ■ ■ -I .il .1 cl.ipli I ,c ,', ,lll],ut c, 1 lis t lie Ml la lis -si [» ,sit ivr 

llllcccl 1 stlcli t lnil til,' ,1m >I ii . , t i , ' [„,l\'Ii, ,11 11 ;il - .( '_ I t ;i k,s Ills' [>, ,sll IV,- S'ulllcs: I 111 IS. cili'll- 
I. it ill- lit,- ,'ln, ,ln;it i< i until, or , ,t -I apli is ;iii NF 1 -,', ,llipl,'l c pi, ,1,1, '111 (.'is sli, ,\vn by Skiclia ill 

ref. SkSOO.on pp. 21 1-212). but no genera] algorithm has I n found yet tor any arbitrary 

graph as suggested by Harary in 1004 (on p. 127 iu ref.|5]). Erdos proved in 1950 (ref. [3]) 
that there are graphs with arbitrarily Large girth and chromatic numbers (eited in ref. [1]). 

by employing Mathematics™ as shown at the mathwi.rld website. 

As an example, tin- chromatic number can be digitally <■, .inpnted using Clir(,mati(Numbor[</] 
in the VI ii 1 1 o-ii i. if is . i r ' J packer "C, ,1 ul >iu: 1 P .tic. 1" : iiiiiiiiicil o, lining run als,, !„'<,, input, ',1 l,s- 
iisiii- Mi nil a; i !(.',, I, ,i in- ,/ in l li, - s.i nic ],;,, l;.i-,'. Piv-c, ,in put,', 1 ,'ln, ,iaa t i, numbers ars- reaslilv 
awiilabli' lot' tin, si 1 1 1 il ink; 1 1 ,1' ■ , ,f special-] ,1, ,pcll S' glnplis (an 1 >e . ,| ,1 :i ilie, 1 Using CrtiphDatu. 

(with \graph, "ChrmnalicNumber"}). 
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